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(54) ALLOY FOR JOINING LEAD-FREE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an alloy for 
connecting a lead-free system which is good in 
characteristics, such as wettability and material strength, 
and is high in workability and yield. 
SOLUTION: This alloy for joining the lead-free system 
contains >3 to <12 wt.% zinc and over 1 wt.% and below 
3 wt.% at least one kind selected from bismuth, silver, 
aluminum, magnesium, nickel, manganese, silicon, 
copper, zirconium, germanium and niobium and 
consisting of the balance substantially tin. This alloy for 
joining the lead-free system includes a zinc phase and 
contains at least one kind selected from the group 
described above at <3 wt.% in this zinc phase. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloy for non-lead system junction. 
[0002] 

[Description of the Prior Art] Soldering as a junction technique using the matter with the melting point 
lower than a certain body and its body is used for many years. 

[0003] Also in current, solder is used for junction of electronic equipment and junction to electronic 
parts, such as a semi-conductor, a microprocessor, memory, and resistance, and the substrate in a 
mounting substrate is broadly used as the start. 

[0004] The advantage of solder is in the point which it not only fixes components to a substrate, but has 
electric junction by making solder contain the metal which has conductivity unlike the adhesives of an 
organic system. The soldered joint in the mounting technology of electronic parts has been gaining in 
the importance increasingly as the rapid spread of the personal devices represented by a personal 
computer, the cellular phone, etc. progresses today. 

[0005] As solder, the eutectic solder which used tin and lead is used present most mostly, and the 
wettability over a copper plate has the property to excel other metal mixture. However, the lead 
contained in this tin and lead system alloy has harmful nature to the body, and development of the lead- 
free soldering which does not contain current and lead is made into pressing need. 
[0006] Promising ** is carried out possible tin and zinc system alloy of preventing the heat damage of 
near and electronic parts to the melting point of the present tin and lead system alloy as lead-free 
soldering. Furthermore, also in tin and a zinc system alloy, the solder which added the bismuth about 
3% to tin and a zinc binary alloy is workable, and is made desirable. 

[0007] However, properties, such as wettability and bonding strength, are still inferior in the solder 
using these ingredients compared with tin and a lead system alloy, and the further development is called 
for. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, since the tin lead alloy which has a 
property good as solder used in the case of junction of electronic parts has harmful nature in lead, it is 
not desirable. The tin and the zinc system alloy made promising as lead-free soldering are also still 
inferior in properties, such as wettability and bonding strength, compared with the tin lead alloy, and the 
further development is called for. 

[0009] This invention aims at offering the alloy for non-lead system junction of a tin and a zinc system 

with good properties, such as wettability and material strength, in view of these problems. 

[0010] 

[Means for Solving the Problem] then, this invention ~ zinc « less than [ more than 3wt%12wt% ] « it 
contains — having - a bismuth - Silver, aluminum, magnesium, nickel, manganese, silicon, copper, At 
least one sort chosen from the group which consists of a zirconium, germanium, and niobium exceeds 
lwt%. 3wt% ****** rareness, at least one sort which is the alloy for non-lead system junction with 



which the remainder consists of tin substantially and by which this alloy for non-lead system junction is 
chosen from said group into this zinc phase including a zinc phase — less than [ 3wt% ]****— the alloy 
for non-lead system junction characterized by things is offered. 
[0011] 

[Embodiment of the Invention] In order to obtain the alloy for non-lead system junction with good 
properties, such as wettability and material strength, this invention persons Zinc A more than 
abbreviation 3wt% abbreviation 12wt% less or equal implication, a bismuth, silver, aluminum, 
Magnesium, nickel, manganese, silicon, copper, a zirconium, germanium, It exceeds at least one sort 
chosen from the group which consists of niobium for about 1 wt%. And a less than [ abbreviation 
3wt% ] implication, at least one sort as which this zinc phase is chosen from the above-mentioned group 
including the zinc phase which is the alloy for non-lead system junction with which the remainder 
consists of tin substantially, and is the field where this alloy for non-lead system junction uses zinc as a 
principal component - about 3 - less than [ wt% ]****-- things found out the desirable thing. 
[0012] There are two types of alloys for non-lead system junction of this invention. 
[0013] The 1st type zinc A more than abbreviation 3wt% abbreviation 12wt% less or equal implication, 
a bismuth, It exceeds at least one sort chosen from magnesium for about 1 wt%. A less than 
[ abbreviation 3wt% ] implication, It is the alloy for non-lead system junction with which the remainder 
consists of tin substantially, and this alloy for non-lead system junction is a less than [ abbreviation 
3wt% ] **** thing about at least one sort as which this zinc phase is chosen from a bismuth and 
magnesium including a zinc phase. 

[0014] When a bismuth and magnesium are added into the alloy for non-lead system junction of tin and 
a zinc system, into tin, a bismuth and magnesium dissolve and surface tension declines. Moreover, a 
bismuth and magnesium have the low melting point and, as for the alloy for non-lead system junction 
containing these, the rate of the dissolution rises. By these things, the rate of wetting breadth increases 
and the alloy for non-lead system junction which has good wettability can be obtained. 
[0015] Drawing 1 is the property Fig. showing the wetting time amount of this alloy to the addition of a 
bismuth at the time of adding a bismuth, and the defect incidence rate after a soldered joint into the alloy 
for non-lead system junction of tin and a zinc system. However, zinc concentration of this alloy for non- 
lead system junction shall be made into about 9 wt(s)%, and it shall consist of tin substantially except 
zinc and a bismuth. If the addition of a bismuth exceeds about 1 wt% when a bismuth is added into the 
alloy for non-lead system junction as shown in drawing 1 , since a bismuth dissolves in tin, surface 
tension will decline, and the wetting time amount at the time of heating this alloy will become short. The 
wetting time amount of this alloy becomes long, without the effectiveness which added the bismuth 
fully showing up, and it is not desirable less than [ abbreviation lwt% ]. This is also the same as when 
magnesium is used instead of using a bismuth. 

[0016] Moreover, if the addition of the bismuth to this tin and zinc system alloy is made more than 
abbreviation 3wt% as shown in drawing 1 , since the defect incidence rate after the soldered joint using 
this alloy for non-lead system junction goes up, the yield falls, and it is not desirable. Since this has the 
high brittleness of a bismuth, if high-concentration addition is performed, a defect incidence rate will go 
up. 

[0017] Generally, in the case of poly crystal, since the crystal orientation of both sides differs across the 
grain boundary, a sliding surface becomes discontinuity, movement of transition is prevented in the 
grain boundary, and a single crystal comes to show different plastic. And in the case of polycrystal, 
since turbulence and a clearance also have much atomic arrangement greatly, diffusion tends to take 
place, and the effectiveness of weakening is brought about to reinforcement in the grain boundary. Like 
this invention, although the addition below abbreviation 3wt% of a bismuth brings about detailed-ization 
of an organization and reinforcement is improved, since a lot of addition beyond abbreviation 3wt% 
brings an organization brittleness, it brings about the fall of the yield of the particle itself. This is also 
the same as when magnesium is used instead of using a bismuth. The 2nd type zinc A more than 
abbreviation 3wt% abbreviation 12wt% less or equal implication, silver, Aluminum, nickel, manganese, 
silicon, copper, a zirconium, germanium, It exceeds at least one sort chosen from the group which 



consists of niobium for about 1 wt%. And a less than [ abbreviation 3wt% ] implication, at least one sort 
as which it is the alloy for non-lead system junction with which the remainder consists of tin 
substantially, and this alloy for non-lead system junction is chosen from the group of the above [ this 
zinc phase ] including a zinc phase - about 3 - less than [ wt% ] - it contains. When at least one sort 
chosen from the above-mentioned group is added, since the crystalline structure of this alloy for non- 
lead system junction becomes precise, bonding strength rises and the alloy for non-lead system junction 
which has a good property can be obtained. 

[0018] However, also when adding at least one sort chosen from the group which consists of silver, 
aluminum, nickel, manganese, silicon, copper, a zirconium, germanium, and niobium, sufficient 
effectiveness that these dissolve in tin and an addition makes the crystalline structure precise less than 
[ abbreviation lwt% ] cannot be acquired. Moreover, if an addition is made more than abbreviation 
3wt%, in order that these may raise the melting point of the alloy for non-lead system junction, virtual 
junction temperature may become high, may damage electronic parts etc. in the case of junction, and is 
not desirable. 

[0019] Moreover, in the both sides of the 1st type and the 2nd type, the crystal structure of these alloys 
for non-lead system junction shows the structure similar to eutectic structure in which the alloy phase 22 
encloses the surroundings of the zinc phase 21 which is the needlelike (cylindrical) organization which 
uses zinc as a principal component, as shown in the mimetic diagram of drawing 2 R> 2. In this 
invention, it is desirable to make into less than [ abbreviation 3wt% ] at least one sort of concentration 
chosen from the group which consists of the bismuth in this zinc phase 21, silver, aluminum, 
magnesium, nickel, manganese, silicon, copper, a zirconium, germanium, and niobium. As for at least 
one sort chosen from the above-mentioned group, it is not desirable by dissolving in tin that 
effectiveness, such as a fall of surface tension and eburnation of the crystalline structure, is acquired, 
and these are contained in the zinc phase 21. Therefore, since there are few these amounts that dissolve 
that such concentration in the zinc phase 21 is more than abbreviation 3wt% in the alloy phase 22, it 
becomes difficult to acquire effectiveness, such as to make precise the crystalline structure which 
reduces surface tension which was mentioned above. 

[0020] Although each operation gestalt of this invention is explained below at a detail, this invention is 
not limited to these operation gestalten. 

[0021] (1st operation gestalt) The 1st operation gestalt of this invention is explained, the alloy for non- 
lead system junction of this operation gestalt — zinc and tin — a principal component — carrying out — a 
bismuth about 2.0 wt(s)% — it adds. 

[0022] The alloy for non-lead system junction of this operation gestalt is explained in accordance with 
the manufacture approach. 

[0023] A bismuth puts [ the tin created in the super-low oxygen condition in the solder melting basin / 
more than abbreviation 88.9wt% and zinc ] in the alloy whose component with unescapable about 2.0 wt 
(s)% and others is a presentation ratio below abbreviation 0.1 wt% about 9.0 wt(s)%, and it heats using 
the heater twisted around the outer wall of a solder melting basin. It holds in the place where the 
temperature in a solder melting basin amounted to about 220 degrees C, and melting of the solid is 
carried out completely. It is Hot to the surface section quickly [ when this alloy fuses ]. Air Using W- 
2704 made from MEKKU as flux for Leveling (HAL) processing, it covers so that it may become the 
thickness of about several mm, and it is made for atmospheric air not to contact melt. 
[0024] Next, it injects at fixed spacing from the nozzle linking directly to the lower part of a eel, 
drawing melt into a eel from which stagnation of a constant rate is always attained, and impressing about 
1kHz elastic wave to this melt. Melt falls in the cooling pool by which the mineral oil which has a 
nozzle caudad was filled with the operation of gravity. The mineral oil filled in this cooling pool is 
maintained at the temperature of about 220 degrees C, and the bottom is maintained at ordinary 
temperature in the cooling pool upper part, globulation of the melt is carried out precipitating the inside 
of a cooling pool, and it is solidified completely in the place which arrived at the bottom. The mean 
particle diameter of 50 obtained particles was about 25 micrometers - about 45 micrometers. 
[0025] The depth direction by Auger electron spectroscopy was analyzed by about 800nm Fukashi about 



the medial axis of a particle to the solidified particle after cooling, consequently, the concentration to 
which the oxidizing zone 31 with a thickness of about 12nm condensed on the maximum front face of 
this particle, and the bismuth with a thickness of about lOnm condensed directly under this oxidizing 
zone 3 1 as shown in the sectional view of drawing 3 -- a layer 32 forms - having ~ further - this 
concentration - it turned out that the tin, the zinc, and the bismuth alloy layer 33 to which tin, zinc, and 
a bismuth exist at a rate of about 1 law inside a layer 32 exist, this concentration since a bismuth is [ the 
oxygen affinity ] more expensive than zinc - a layer 32 controls the connection with zinc and oxygen, 
and makes an oxidizing zone 3 1 thin. 

[0026] Furthermore, adhesion of slight carbon is shown in the front face of the oxidizing zone 3 1 of this 
particle, and it was understood that it has protected that other components permeated the interior out of 
atmospheric air. Moreover, the oxidizing zone 31 has also protected that oxygen permeates the interior 
from this. 

[0027] Next, it mixes with flux using the obtained particle, and tin, zinc, and a bismuth solder paste are 
created. What is necessary is to cool, after heating as flux, mixing the polymerization rosin (turpentine) 
about 46 weight section, the solvent (principal component: terpineol) about 44.5 weight section, the 
hydrogenated-castor-oil (CHIKISO agent) about 8 weight section, the activator (principal component: 
diphenylguanidine hydrobromate) about 0.9 weight section, the palmitic-acid about 0.3 weight section, 
and the ethylamine hydrochloride about 0.3 weight section, and just to prepare. 
[0028] After printing this solder paste using the screen made from stainless steel so that it may become 
the thickness of about 150 micrometers at the substrate of the following specifications, QFP is mounted, 
and it carries out a reflow as usual, using peak temperature as about 230 degrees C. 
[0029] 

GARAEPO substrate dimension about 0.5mm substrate conveyance speed : the object for [substrate 
specification] one side mounting evaluation - there are not about 0.8 m/min, consequently a bridge or a 
solder ball, either, and it was able to solder. : About 180mmxabout 200mmxabout 1.6mm electrode : 
Coppering Puri fluxing electrode pattern : 25pinx4 Pattern pad pitch corresponding to QFP : Moreover, 
when the bonding strength of the pin of QFP was measured having used the measurement size as 10 
after soldering, in this operation gestalt, as compared with the case where it mounts with conventional 
tin and lead eutectic solder paste, workability is equivalent, and bonding strength had one about 1 .4 
times [ about 1.2 to ] the value in tin and a lead eutectic solder paste of this. 

[0030] It becomes possible to offer the workable alloy for non-lead system connection whose wetting 
breadth bonding strength was large, the yield was high, and improved according to this operation gestalt 
from these things. 

[0031] (2nd operation gestalt) The 2nd operation gestalt of this invention is explained. Although the 
alloy for non-lead system junction of this operation gestalt forms a particle similarly using the metal of 
the same presentation as the 1st operation gestalt, and an approach, after it fuses these metals, unlike the 
1st operation gestalt, it sets the average of the particle size of this particle to about 760 micrometers for 
the conditions of the injection from a nozzle at the time of forming a particle. Moreover, the cross 
section of this particle is shown like drawing 3 like the 1st operation gestalt. 

[0032] In this operation gestalt, as an approach of joining using the particle of the alloy for non-lead 
system junction, this particle is carried on the electrode of the package for CSP which applied flux 
beforehand, and it carries out a reflow as usual, using peak temperature as about 230 degrees C. 
[0033] Consequently, there is also neither a bridge nor a solder ball and it was able to solder. Moreover, 
when the bonding strength of a pin was measured having used the measurement size as 5 after soldering, 
in this operation gestalt, as compared with the case where it mounts by the conventional tin and lead 
eutectic solder particle, workability is equivalent, and bonding strength had one about 1 .2 times [ about 
1 .0 to ] the value in the case of tin and a lead eutectic solder particle of this. 

[0034] It can be said that it is possible to offer the workable alloy for non-lead system connection whose 
wetting breadth bonding strength was large, the yield was high also in this operation gestalt, and 
improved from these things. 

[0035] (3rd operation gestalt) The 3rd operation gestalt of this invention is explained, the alloy for non- 



lead system junction of this operation gestalt — zinc and tin — a principal component — carrying out — 
silicon — about 1.5 wt(s)% — it adds. 

[0036] Unlike the 1st operation gestalt, more than abbreviation 89.4wt% and zinc are made about 9.0 wt 
(s)%, the point which is not a bismuth and adds silicon makes [ the presentation ratio of this alloy / tin ] 
other unescapable components less than [ abbreviation 0.1 wt% ] for silicon about 1.5 wt(s)%, and the 
alloy for non-lead system junction of this operation gestalt forms a particle using the same approach as 
the 1st operation gestalt. In that case, after fusing these metals, unlike the 1st operation gestalt, the 
average of the particle size of this particle is set to about 760 micrometers for the conditions of the 
injection from a nozzle at the time of forming a particle. 

[0037] moreover, the concentration to which, as for being formed directly under an oxidizing zone 31 in 
drawing 3 , silicon condensed although the cross-section structure of this particle was shown like 
drawing 3 like the 1st operation gestalt — it is a layer 32. furthermore, the thickness of the oxidizing 
zone 31 of this particle - about 12nm — it is - concentration ~ the thickness of a layer 32 was about 
8nm. moreover, this operation gestalt - also setting — directly under [ of an oxidizing zone 31]- 
concentration of silicon with a larger affinity with oxygen than zinc ~ this concentration since a layer 32 
is formed — a layer 32 controls the connection with zinc and oxygen, and the thickness of an oxidizing 
zone 3 1 becomes thin. 

[0038] In this operation gestalt, as an approach of joining using the particle of the alloy for non-lead 
system junction, this particle is carried on the electrode of the package for CSP which applied flux 
beforehand, and it carries out a reflow as usual, using peak temperature as about 230 degrees C. 
[0039] Consequently, there is also neither a bridge nor a solder ball and it was able to solder. Moreover, 
when the bonding strength of a pin was measured having used the measurement size as 5 after soldering, 
in this operation gestalt, as compared with the case where it mounts by the conventional tin and lead 
eutectic solder particle, workability is equivalent, and bonding strength had one about 1.2 times [ about 
1 .0 to ] the value in the case of tin and a lead eutectic solder particle of this. 

[0040] It can be said that it is possible to offer the workable alloy for non-lead system connection whose 
wetting breadth bonding strength was large, the yield was high also in this operation gestalt, and 
improved from these things. 
[0041] 

[Effect of the Invention] As explained in full detail above, by this invention, properties, such as 
wettability and material strength, are good and can offer workability and the high alloy for non-lead 
system connection of the yield. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the property Fig. of the alloy for non-lead system junction of this invention. 
[Drawing 2] It is a mimetic diagram inside the particle of the alloy for non-lead system junction of this 
invention. 

[Drawing 3] It is the mimetic diagram of the cross section of the particle of the alloy for non-lead system 
junction of this invention. 
[Description of Notations] 

21 - Zinc phase 

22 Alloy phase 

23 — Grain boundary 

3 1 — Oxidizing zone 

32 ~ concentration — a layer 

33 ~ Tin, zinc, and bismuth alloy layer 
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